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(57) ABSTRACT

A self-actuating growing rod systems for the correction of
orthopedic deformities. The system comprises at least one
static rod, at least one growth rod, at least one sealing
component, at least one fluid reservoir, at least one 1njection
port and at least one pressure compensating mechanism
which 1s adapted to cause net elongation of the growth rod.
The system of the present disclosure 1s implanted onto the
bony anatomy after bringing the deformed bony anatomy to
the expected position. The system of the present disclosure
1s then surgically implanted onto the corrected bony
anatomy. As growth occurs, the system of the present
disclosure distracts; thereby enabling growth and maintain-
ing the deformity correction.
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SELF-ACTUATING GROWING ROD
SYSTEMS

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

The present application takes priority from the previously
filed Indian application number 201621036216 titled “Seli-

Actuating Hydraulic Spring based Growing Rod System”
dated 24 Oct. 2016 and Indian application number
201621036220 titled “Self-Actuating Pressure Balance
Chamber based Growing Rod System” dated 24 Oct. 2016.

FIELD

The present disclosure relates to self-actuating growing,
rod systems. Particularly, the present disclosure relates to
self-actuating growing rod systems for growth induced
orthopedic deformity correction.

Description of Terms

The term ‘orthopedic’ used herein 1s meant to be under-
stood 1n the general sense of the word and for the purpose
of the present disclosure, includes relating to the musculo-
skeletal system.

The term ‘bony anatomy’ used herein 1s meant to be
understood 1n the general sense of the word and for the
purpose of the present disclosure, includes all the bones and
associated joints 1n the human skeleton.

The term ‘tapering’ used herein 1s meant to be understood
in the general sense of the word and for the purpose of the
present disclosure, includes one having a constant slope or
a variable slope generated through steps.

The term ‘distraction” used herein 1s meant to be under-
stood 1n the general sense of the word used in the present
context and for the purpose of the present disclosure
includes elongation of the growing rod to accommodate the
natural growth of the bony anatomy.

The term ‘self-actuating’ used herein 1s meant to be
understood 1n the general sense of the word used in the
present context and for the purpose of the present disclosure
includes seli-distracting to accommodate the natural growth
of the bony anatomy

The term ‘Quasistatic distraction process’ used herein 1s
meant to be understood 1n the general sense of the words
used in the present context and for the purpose of the present
disclosure includes the process facilitated through the net
clongation or distraction force generated as a result of a
combination or otherwise of applied force and the natural
growth of the bony anatomy and the compressive forces due
to the patient’s weight.

The term ‘hydraulic accumulator’ used herein 1s meant to
be understood in the general sense of the term and for the
purpose of the present disclosure includes a pressure storage
reservoir in which a hydraulic fluud 1s held under the
pressure exerted by a spring and a compressed gas.

The numeral ‘100’ 1s used to denote the self-actuating
growing rod system of the present disclosure having the

three embodiments 100a, 1005 and 100c.

BACKGROUND

Orthopedic deformities are the deformities involving the
musculoskeletal system. Hands, legs, spine, elbows and
shoulders are the commonly observed parts of the bony
anatomy to be aflected by deformities. A typical treatment
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measure for the afore-stated afllictions 1n younger patients or
children consists of bringing the deformed bony anatomy to
the expected position and implanting metal rods, also known
as growing rods, thereon to maintain the desired position;
thereby correcting the deformity while enabling growth of
the chald.

Scoliosis 1s a classic example of orthopedic deformity
wherein the patient presents with a C- or S-shaped curve in
the spine, when viewed from the posterior side. Early Onset
Scoliosis (EOS) 1s a variant of scoliosis that 1s typically
observed in children below 10 years of age. In EOS, the
degree of curve of the deformed spine may remain constant
or may change with the passage of time. Pain 1s typically not
present, however, the condition may reduce the thoracic
cavity space which severely compromises the lung growth
and function resulting 1n fatalities including death. Further,
the treatment regime 1ncludes surgically implanting growing
rods along the deformed spine at the first mcidence and
following 1t up with periodic surgeries to manually distract
the rod to match the growth of the patient. The periodic
surgeries can be as frequent as every six months and are
associated with risks such as skin infections, and pulmonary
complications, besides overmight hospitalization for moni-
toring purposes. Even further, young children with severe
spinal deformities often have multiple other medical com-
plications resulting in an overall compromised health status
and quality of life. The stress from repeated surgeries also
becomes overly burdensome for the patients and their fami-
lies. The currently used growing rod systems require exter-
nal stimuli and apparatus for distraction. The stimulation 1s
classified into manual stimulation, mechanical stimulation
and magnetic stimulation.

Manual distraction 1s the procedure which requires the
surgeon to reopen the original incision, reach the implanted
rod and physically distract the same using his hands. This
procedure 1s to be repeated every time depending on the
extent of the growth of the patient. Rod breakage, skin
infections, wound complications and the like are the various
drawbacks associated with the manual distraction process.

Use of growing rods with sliding mechanism 1s an
example of mechanical distraction. Dual metal rods are fixed
posteriorly to the corrected apex of the spine with a limited
number ol contact points to allow vertebral growth. The
technique allows growth through passive sliding of the rod
through the attachment. However, the mechanical sliding
action creates metal wear debris and results 1n tissue necro-
s1s. Further, the implant tends to protrude from the back of
the patient and causes skin infections due to the open-ended
sliding rod.

Magnetic growing rods involve the use of an external
magnet to distract the rod. The disadvantage of using this
technology 1s that the rod has to be implanted closer to the
skin to enable eflective actuation. Being closer to the skin
increases the chances of wound complications, prominent
protrusions and more unplanned surgical procedures. Fur-
ther, such a placement necessitates that the rod has lesser
points of attachment to the spine, with a much longer length
of the rod remaining unsupported. This may result in stress
fractures 1n the rods and may also cause screw pullout.
Although the magnetic system does not need 1nvasive pro-
cedures, it needs stringent follow—up procedures. Many
times, these distractions are based on the measurements
done on previous patients and may lead to miscalculated
distractions 1 some patients leading to instrumentation
failure.

Growing rods working on the principle of hydraulics are
also disclosed 1n the prior art. However, the atore-stated rods
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need external stimuli to cause the distraction which 1nvolves
repetitive surgical interventions by surgeons that can prove
to be expensive. This 1s notwithstanding wound complica-
tions, prominent protrusions and infection which 1s the risk
associated with repeat surgical interventions.

In view of the severe disadvantages associated with the
growing rods currently used for deformity correction, the
dire need for developing growing rods which operate with-
out any external driving force 1s apparent. The inventors of
the present disclosure provide self-actuating growing rod

systems for orthopedic deformity correction which
addresses the afore-stated concerns.

OBJECTS

It 1s an object of the present disclosure to provide seli-
actuating growing rod systems.

It 1s another object of the present disclosure to provide
self-actuating growing rod systems for orthopedic deformity
correction.

It 1s yet another object of the present disclosure to provide
self-actuating growing rod systems for orthopedic deformity
correction which are safe.

It 1s still another object of the present disclosure to
provide self-actuating growing rod systems for orthopedic
deformity correction which are economical.

It 15 yet another object of the present disclosure to provide
self-actuating growing rod systems for orthopedic deformity
correction which are aesthetic.

It 1s still another object of the present disclosure to
provide self-actuating growing rod systems for spinal defor-
mity correction.

It 1s yet another object of the present disclosure to provide
self-actuating growing rod systems for spinal deformity
correction which mitigate or eliminate the need for repeat
surgical intervention.

It 1s still another object of the present disclosure to
provide growing rod systems for spinal deformity correction
which are self-actuated and apply a continuous distraction
force to enable growth and maintain correction.

SUMMARY

The present disclosure provides self-actuating growing
rod systems (100) for orthopedic deformity correction, par-
ticularly, spinal deformity correction. The system of the
present disclosure comprises at least one static rod (2) being,
in the form of a cylinder with an 1nternal bore and compris-
ing a first static end (24) and a second static end (2b);
wherein said first static end (2a) 1s tapering and 1s adapted
to be athixed to the bony anatomy by means of at least one
fixation element (4); at least one growth rod (6), coaxially
coupled with said static rod (2) and comprising a first growth
end (6a) and a second growth end (6b); wherein said first
growth end (6a) 1s tapering and protrudes out of said static
rod (2) and 1s adapted to be aflixed to the bony anatomy by
means of said at least one fixation element (4) and said
second growth end (65) 1s disposed within the cylinder bore
of said static rod (2) and 1s adapted to function as a piston
with respect to said cylinder bore and said growth rod (6) 1s
adapted to distract longitudinally out of the cylinder bore of
said static rod (2); said distraction being seli-actuating,
growth driven and individual dependent; at least one sealing
component (8) adapted to prevent leakage of said sterile
biocompatible fluid from the present system; said sealing
component (8) being engageable with the second static end
(2b) of said static rod (2) whilst allowing said growth rod (6)
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to pass there-through; thereby maintaining the position of
said growth rod (6) with respect to said static rod (2) and

defining the area enclosed within the inner bore of said static
rod (2) as a tluid reservoir (10); at least one fluid reservoir
(10) 1n the nner bore of said static rod (2), comprising at
least one sterile biocompatible fluid; said reservoir (10)
further comprising at least one trailing chamber (10a) and
optionally, at least one leading chamber (105); at least one
pressure compensating mechanism (12) adapted to cause net
clongation of said growth rod (6); and at least one 1njection
port (14) adapted to facilitate 1njection of said sterile bio-
compatible fluid into said fluid reservoir (10) at a pre-
determined pressure. The pressure compensating mecha-
nism (12) i one embodiment comprises at least one
hydraulic spring (12a) at the second growth end (65) of said
growth rod (6) and at least one hydraulic seal (1256) located
at the point of contact of said hydraulic spring (12a) and the
inner bore of said static rod (2). The pressure compensating
mechanism (12) 1n another embodiment comprises at least
one fluid transter channel (12d), at least one pressure bal-
ancing chamber (12¢) and at least one hydraulic seal (125).
The pressure compensating mechanism (12) in yet another
embodiment comprises a plurality of hydraulic accumula-
tors (12/) 1in fluid communication with said injection port(s)
(14) mmdependently through at least one connecting element
(12¢g), accompanied by at least one hydraulic seal (125).

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

The present disclosure is 1llustrated 1n the accompanying
non-limiting drawings, throughout which like reference let-
ters 1ndicate corresponding parts in the various figures.

FIG. 1 illustrates a vertical cross section of one embodi-
ment (100a) of the selt-actuating growing rod system of the
present disclosure (100).

FIG. 2 illustrates a three-dimensional representation of
one embodiment (100a) of the self-actuating growing rod
system of the present disclosure (100).

FIG. 3 illustrates a vertical cross section of another
embodiment (1005) of the self-actuating growing rod system
of the present disclosure (100).

FIG. 4 1llustrates a three-dimensional representation of
another embodiment (1005) of the self-actuating growing
rod system of the present disclosure (100).

FIG. 5 illustrates a vertical cross section of a yet another
embodiment (100¢) of the self-actuating growing rod system
of the present disclosure at the mitial stage (100).

FIG. 6 1llustrates an outwardly representation of a yet
another embodiment (100¢) of the self-actuating growing
rod system of the present disclosure at the initial stage (100).

FIG. 7 illustrates a vertical cross section of the yet another
embodiment (100¢) of the self-actuating growing rod system
of the present disclosure at a subsequent stage (100).

FIG. 8 illustrates an outwardly representation of the yet
another embodiment (100c¢) of the self-actuating growing
rod system of the present disclosure at a subsequent stage
(100).

FIG. 9 1llustrates the side view of the yet another embodi-
ment (100c¢) of the self-actuating growing rod system of the
present disclosure upon implantation on the spine (100).

FIG. 10 1llustrates the 1sometric view of the yet another
embodiment (100c¢) of the self-actuating growing rod system
of the present disclosure upon implantation on the spine
(100).

FIG. 11 1s a graphic demonstration of the working of the
pressure compensating mechamsm of the yet another
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embodiment (100c¢) of the self-actuating growing rod system
of the present disclosure (100).

DESCRIPTION

The present disclosure, in accordance with one aspect,
provides a self-actuating growing rod system (100) for
orthopedic deformity correction. The system of the present
disclosure works on the principle of hydraulics, however,
does not require any external stimuli for distraction; thereby
obviating drawbacks such as skin infections, wound com-
plications and expensive treatment regimen. Furthermore, as
the mechanism of working of the present system (100) 1s
driven by the natural growth and constant distraction
force(s) and due to the system’s dependability on individu-
als, the mncidences of collapse of the system due to the
increase 1n patient weight and height and the associated
physiological changes are minimized. In one embodiment,
the growing rod system of the present disclosure 1s used for
spinal deformity correction. The growing rod system (100)
of the present disclosure comprises the components
described herein below.

Before implanting the system of the present disclosure
(100) onto the bony anatomy, the deformed bony anatomy 1s
first brought to the expected position. The system of the
present disclosure (100) 1s then surgically implanted onto
the corrected bony anatomy. As growth occurs, the system of
the present disclosure (100) distracts; thereby supporting the
bony anatomy and correcting the deformity permanently.

The growing rod system of the present disclosure com-
prises at least two rods—at least one static rod (2) and at
least one growth rod (6) that are to be ailixed to the deformed
bony anatomy at pre-determined locations. With the passage
of time, as the natural growth of the patient progresses, the
hydraulic mechanism of the system facilitates the distraction
of the growth rod (6) so as to support the grown bony
anatomy; whereas the static rod (2) remains static and
attached to the previous position. This cumulatively results
in maintaining the bony anatomy in the desired position;
thereby correcting the deformaty.

The static rod (2) of the present disclosure 1s hollow and
assumes the form of a cylinder with an internal bore. The
static rod comprises (2) a first static end (2a) and a second
static end (24). The first static end (2a) 1s tapering and 1s
adapted to be aflixed to the bony anatomy by means of at
least one fixation element (4). In one embodiment, the first
static end (2a) 1s atlixed below the deformity site. The static
rod (2) has a cross section of a shape selected from the group
consisting of circular, elliptical, rectangular, toroidal, rhom-
boidal, 1rregular, cross-sectional shape made from two inter-
locking circles connected by flats or any other suitable cross
section for the present purpose.

The static rod (2) and the growth rod (6) may have an
anti-rotation feature disposed 1n at least one location
selected from the group consisting of within the cylinder
bore of the static rod (2), the second growth end (65) of the
growth rod (6), the second static end (25) of the static rod (2)
and the first growth end (6a) of the growth rod (6). The
anti-rotation feature 1s 1n at least one form selected from the
group consisting of gears, splines, keys, ratchet or any other
suitable mechanism.

The fixation element (4) of the present disclosure 1s at
least one selected from the group consisting of screw(s),
hook(s), band(s), wire(s), connector(s), plate(s), staple(s) or
any other fixation element typically used in orthopedic

surgery.
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The growth rod (6) of the present disclosure comprises a
first growth end (6a) and a second growth end (65). The
growth rod (6) 1s coaxially coupled with the static rod (2) 1n
such a way that the first growth end (6a) protrudes out of the
static rod (2) and the second growth end (65) 1s disposed
within the cylinder bore of the static rod (2). The first growth
end (6a) 1s tapering and adapted to be aflixed to the bony
anatomy by means of at least one of the alore-mentioned
fixation element(s) (4). In one embodiment, the first growth
end (6a) 1s atlixed above the deformity site. The second
growth end (6b) 1s adapted to function as a piston with
respect to said cylinder bore 1n order to enable the growth of
the bony anatomy. The growth rod (6) has a cross section of
a shape selected from the group consisting of circular,
clliptical, rectangular, toroidal, rhomboidal, 1rregular, cross-
sectional shape made from two interlocking circles con-
nected by flats or any other suitable cross section for the
present purpose.

The growing rod system (100) comprises at least one
sealing component (8) which 1s engageable with the second
static end of the static rod (2b). The sealing component (8)
defines the area enclosed within the inner bore of the static
rod (2) as the fluid reservoir (10).

The fluid reservoir (10) 1s filled with at least one sterile
biocompatible fluid having a pre-determined pressure. The
sterile biocompatible fluid of the present disclosure 1s at
least one selected from the group consisting of water,
deionized water, saline solution or any other suitable fluid
for 1n vivo clinical applications. The presence of the growth
rod (6) divides the flmd reservoir (10) into at least one
trailing chamber (10a) and optionally, at least one leading
chamber (105).

The function of the sealing component (8) 1s to prevent
leakage of the sterile biocompatible fluid from the reservoir
(10). The sealing component (8) also facilitates the passing
of the growth rod (6) there-through; whilst maintaining the
position of the growth rod (6) with respect to the static rod
(2).

The growing rod system of the present disclosure (100)
further comprises at least one 1njection port (14) which 1s
adapted to facilitate injection or entry of the sterile biocom-
patible fluid 1nto the fluid reservoir (10).

The growing rod system of the present disclosure (100)
turther comprises at least one pressure compensating mecha-
nism (12) that 1s adapted to compensate the pressure difler-
ential in the system due to the natural growth of the bony
anatomy and cause net elongation of the growth rod (6);
thereby maintaining constant support to the corrected bony
anatomy.

In one embodiment, the pressure compensating mecha-
nism (12) comprises at least one hydraulic spring (12a) at
the second growth end (6b) of the growth rod (6) accom-
panied by at least one hydraulic seal (125). The hydraulic
spring (12a) 1s formed from the second growth end (65) of
the growth rod (6) being circumierentially surrounded by at
least one fluid transfer medium (12c¢) selected from the
group consisting of porous membrane(s), valve(s) and ori-
fice(s). The hydraulic seal (126) 1s present at the point of
contact of the hydraulic spring (12a) and the inner bore of
the static rod (2) to prevent leakage of the sterile biocom-
patible fluid and maintain the pressure balance 1n the fluid
reservoir (10). The hydraulic seal (12b) 1s at least one
selected from the group consisting of O-ring(s), lip seal(s),
quad seal(s) or any suitable seals that suit the present
application.

As growth occurs with age, distraction forces are exerted
on the growth rod (6) through the fixation element(s) (4).
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This causes the growth rod (6) to move co-axially in the
longitudinal direction resulting 1n a decrease 1in volume of
the leading chamber (105) and an increase 1 volume of the
trailing chamber (10a). Consequently, the pressure of the
sterile biocompatible fluid in the leading chamber (105)
increases and the pressure of the sterile biocompatible flmd
in the trailing chamber (10a) decreases. This pressure dii-
ferential 1n the fluid reservoir (10) 1s compensated by the
hydraulic spring (12a) which facilitates the movement of the
sterile biocompatible fluid from the leading chamber (105)
to the trailing chamber (10a). At the same time, the weight
of the patient and the compressive forces of the bony
anatomy exert forces opposite to the distraction force on the
system of the present disclosure. However, the hydraulic
spring (12a) also enables movement of the sterile biocom-
patible fluid 1n the trailing chamber (10a) to the leading
chamber (105) which not only prevents the system from
collapse, but also facilitates a quasistatic distraction process
which causes net elongation of the growth rod (6). Thus, the
system of the present disclosure (100) being growth depen-
dent, ensures that the bony anatomy 1s supported and the
corrected position of the bony anatomy 1s maintained
throughout and after the natural growth of the patient.
Characteristically, the distraction of the growth rod (6) of the
present disclosure 1s proportional to the natural growth of
the bony anatomy.

For the purpose of the present embodiment, the 1njection
port (14) 1s characterized as being adapted to receive the
sterile biocompatible fluid ex vivo—betore the implantation
of the growing rod system on to the bony anatomy. This 1s
a characterizing feature of the present system as the injection
ports (14) of the growing rod systems, 1f mentioned, in the
prior art are all adapted to receive the hydraulic fluid in
vivo—on the operation table under the supervision of a
medical practitioner. Devices which include but are not
limited to fluid pumps, manual syringes, conventional vas-
cular access ports or devices powered by electric motors or
air compressors, may be used for injecting the sterile bio-
compatible fluid inside the leading (105) and trailing cham-
ber (10a). In one embodiment, however, the mjection port
(14) may receive the biocompatible tluid 1n vivo, 1n case of
emergencies.

In another embodiment, the pressure compensating
mechanism (12) comprises at least one fluid transfer channel
(12d), at least one pressure balancing chamber (12¢) and at
least one hydraulic seal (126). The fluid transfer channel
(12d) connects the leading chamber (105) to the pressure
balancing chamber (12¢) and the pressure balancing cham-
ber (12¢) to the trailling chamber (10a). The fluid transter
channel (12d) 1s at least one selected from the group
consisting ol porous membrane(s), valve(s) and orfice(s).
The pressure balancing chamber (12¢) of the present
embodiment 1s adapted to hold the sterile biocompatible
fluid rendered through the flmd transier channel (124) and
convey the same from the leading chamber (105) and/or to
the trailing chamber (10a). The hydraulic seal (12b4) 1s
present at the point of contact of the second growth end (65)
of the growth rod (6) and the 1nner bore of the static rod (2)
to prevent leakage of the sterile biocompatible fluid and
maintain the pressure balance 1n the fluid reservoir (10). The
hydraulic seal (12b) 1s at least one selected from the group
consisting ol O-ring(s), lip seal(s), quad seal(s) or any
suitable seals that suit the present application.

As growth occurs with age, distraction forces are exerted
on the growth rod (6) through the fixation element(s) (8).
This causes the growth rod (6) to move co-axially in the
longitudinal direction resulting 1n a decrease in volume of
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the leading chamber (105) and an increase 1n volume of the
trailing chamber (10a). Consequently, the pressure of the
sterile biocompatible fluid 1n the leading chamber (105)
increases and the pressure of the sterile biocompatible fluid
in the trailing chamber (10a) decreases. This pressure dii-
terential 1n the fluid reservoir (10) 1s compensated by the
movement of the sterile biocompatible fluid from the leading
chamber (105) to the pressure balancing chamber (12¢) and
from the pressure balancing chamber (12¢) to the trailing
chamber (10a) via the fluid transfer channel(s) (12d). At the
same time, the weight of the patient and the compressive
forces of the bony anatomy exert forces opposite to the
distraction force on the system of the present disclosure.
However, the fluid transfer channel (124) and the pressure
balancing chamber (12¢) enables movement of the sterile
biocompatible fluid from the trailing chamber (10a) to the
leading chamber (105) which not only prevents the system
from collapse, but also facilitates a quasistatic distraction
process which causes net elongation of the growth rod (6).

Thus, the system of the present disclosure being growth
C ependent ensures that the bony anatomy 1s supported and
the corrected position of the bony anatomy i1s maintained
throughout and after the natural growth of the patient.

Characteristically, the distraction of the growth rod of the
present disclosure 1s proportional to the natural growth of
the bony anatomy.

For the purpose of the present embodiment, the 1njection
port (14) 1s characterized as being adapted to receive the
sterile biocompatible fluid ex vivo—belore the implantation
of the growing rod system on to the bony anatomy. This 1s
a characterizing feature of the present system as the injection
ports (14) of the growing rod systems, 1f mentioned, in the
prior art are all adapted to receive the hydraulic fluid in
vivo—on the operation table under the supervision of a
medical practitioner. Devices which include but are not
limited to fluid pumps, manual syringes, conventional vas-
cular access ports or devices powered by electric motors or
air compressors, may be used for injecting the sterile bio-
compatible fluid inside the leading (106) and trailing cham-
ber (10a). In one embodiment, however, the mjection port
(14) may receive the biocompatible tluid 1n vivo, in case of
emergencies.

In yet another embodiment, the pressure compensating,
mechanism (12) comprises a plurality of hydraulic accumu-
lators (12/) i fluid communication with at least one of the
injection port (14) independently through at least one con-
necting element (12¢g), accompanied by at least one hydrau-
lic seal (12b) For the purpose of the present embodiment,
the growing rod almost entirely covers the internal bore of
the static rod (2) and consequently, there 1s no leading
chamber (105). However, 1n one embodiment, the growing
rod (6) does not completely cover the mternal bore of the
static rod (2) resulting in a leading chamber (105) and a
trailing chamber (10a). The accumulator (12f) of the present
embodiment contains the sterile biocompatible fluid at a
pre-determined pressure to apply constant distraction force
and compensate for the volume created due to the distraction
of the growth rod (6). The accumulator (12f) used in the
present embodiment 1s of at least one type selected from the
group consisting of bladder based accumulator and spring
based accumulator.

As growth occurs with age, distraction forces are exerted
on the growth rod through the fixation element(s) (8). This
causes the growth rod (6) to move co-axially in the longi-
tudinal direction which gradually uncovers the 1njection port
(14) connecting the fluid reservoir (10) to the accumulator
(12/). The uncovering of the injection port (14) causes the
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sterile biocompatible fluid contained 1n the accumulator
(12/) to enter into the trailing chamber (10a). As the patient
grows and the growth rod distracts further, the injection
ports (14) open progressively and the sterile biocompatible
fluid contained therein enters the trailing chamber (10a).

It 1s significant to note that, the weight of the patient and
the compressive forces of the bony anatomy exert forces
opposite to the distraction force on the system of the present
disclosure (100). This may cause the present system to
collapse. The accumulators of the present embodiment are
designed to avoid such a collapse. The pressure compensat-
ing mechanism (12) of the present embodiment maintains a
constant distraction force to balance the compressive force
acting on the system which not only prevents the system
from collapse, but also facilitates a quasistatic distraction
process which causes net elongation of the growth rod (6).
Thus, the system of the present disclosure being growth
dependent, ensures that the bony anatomy 1s supported and
the corrected position of the bony anatomy 1s maintained
throughout and after the natural growth of the patient.
Characteristically, the distraction of the growth rod (6) of the
present disclosure 1s proportional to the natural growth of
the bony anatomy.

Furthermore, in accordance with the present embodiment,
the pressure compensating mechanism (12) causes net elon-
gation of the growth rod (6) to occur 1n a plurality of phases.
In the first phase, as a virtue of the first growth end (6a) of
the growth rod (6) being aflixed to the bony anatomy, in the
process of the natural growth of the latter, the first growth
end (6a) of the growth rod (6) gets distracted which uncov-
ers the bottom-most 1njection port (14). This action gener-
ates a gradual, but stepped distraction force which 1n turn 1s
balanced by the correction resistive forces and the patients’
weight. In the subsequent phase(s), net elongation of the
growth rod (6) 1s driven by the net cumulative effect of the
accumulator pressure distraction force and natural growth of
the bony anatomy, opposed by the correction resistive forces
and patients’ weight. This results in a quasistatic distraction
process. The afore-stated mechanism of net elongation using,
the present embodiment 1s represented i FIG. 11.

In one embodiment, the pressure compensating mecha-
nism (12) comprises three accumulators (12f) arranged in
ascending order of pressure ratings, starting from the first
static end (2a) of the static rod (2) to the second static end
(2b) of the static rod (2). The pressure ratings of the
accumulators are determined on the basis of the distraction
force required to hold the corrective forces on the bony
anatomy and support the weight of the patient through the
patient’s individual growth progression and cause net elon-
gation ol the growth rod (6).

The present embodiment has been designed to take into
consideration the anthropometric data for patients in the
prescribed age group. As growth occurs, the accumulators
provide step—wise increase in the distraction force avail-
able to support the increasing weight of the patient. The
same 1s achieved by providing multiple accumulators (12f)
with increasing pressure ratings, along the length of the
static rod (2) which activate gradually as the height of the
patient increases. The pressure ratings are calculated based
on the anthropometric data—weight available for the par-
ticular corresponding height at which 1t 1s activated. Further,
the static rod (2) and the growth rod (6) are designed 1n a
way that the rods are able to sustain the pressure exerted by
the sterile biocompatible fluid. Each accumulator (12/) has
a pre-determined pressure level which 1s maintained
throughout the cycle.
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The 1njection port(s) (14) of the present embodiment 1s
adapted to release the sterile biocompatible tfluid having a
pre-determined pressure from the accumulator (12/) into the
trailing chamber (10a) due to the net elongation and main-
tain the bony anatomy in the corrected position, preventing
collapse. Characteristically, the injection port (14) has a
cross section of a shape selected from the group consisting
of circular, elliptical, triangular and trapezoidal. In one
embodiment, the cross section 1s triangular which facilitates
gradual release of the fluid 1n the trailing chamber (10a). The
injection port (14) optionally comprises at least one fluid
transier medium (12¢), selected from the group consisting of
porous membrane(s), valve(s) and orifice(s), adapted to
facilitate gradual flow of sterile biocompatible fluid at
pre-determined pressure from the accumulator (12f) into the
trailing chamber (10a). The hydraulic seal (125) 1s located at
the point of contact of the second growth end (65) of said
growth rod (6) and the inner bore of said static rod (2) and
adapted to prevent leakage of said fluid and maintain pres-
sure balance in said fluid reservoir (10). The hydraulic seal
(12b) 1s at least one selected from the group consisting of
O-ring(s), lip seal(s), quad seal(s) or any suitable seals that
suit the present application.

The number of accumulators, the size of the accumula-
tors, the sequence of attachment of the accumulators along
the length of the static rod (2) and the pressure diflerential
to be maintained therein 1s characterized on the basis of the
distraction force required to hold the corrective forces on the
bony anatomy and support the weight of the patient through
the patient’s individual growth progression and cause net
clongation. The connecting element used for connecting the
accumulator(s) (12f) with the injection port(s) (14) 1s flex-
ible tubing. The connecting element (12¢) has the property
to be bent to fit the human anatomy. The connecting element
(12g) can be fit either by virtue of geometrical tolerances or
extra constraints to make the system leak proof.

For the purpose of the present embodiment, the sealing
component (18) 1s a locking cap. The locking cap and the
static rod (2) have grooves to accommodate the hydraulic
seals (12b). The seal (12b) ensures that the fluid does not
flow over the static rod (2). A wiper (12/2) may be added to
the system to scrape away fluid on the first growth end (6a)
of the growth rod (6) near the second static end (26) of the
static rod (2).

The afore-stated components of the system of the present
disclosure are manufactured from biocompatible materials.
Further, the components of the system of the present dis-
closure are manufactured from at least one material selected
from the group consisting ol metal(s), metal alloys and
polymers. For the purpose of the present disclosure, the term
metal 1s at least one selected from the group consisting of
titanium, cobalt, chromium, and stainless steel or any other
metal or metal alloy suitable from biocompatibility and
strength perspective. For the purpose of the present disclo-
sure, the term polymers 1s at least one selected from the
group consisting of high density polyethylene (HDPE),
polyurethane, polycarbonate urethane, ultra-high molecular
weight polyethylene (UHMWPE), polyethylene terephtha-
late (PET), polyether ether ketone (PEEK) and silicone or
any other polymer suitable from biocompatibility and
strength perspective. Further, the static rod (2) and the
growth rod (6) are manufactured from a material having a
shear modulus which permits slight cyclic deflections with-
out failure. Furthermore, the static rod (2) and the growth
rod (6) are manufactured from a material having ductility
suflicient to permit the rods to be deformed into a curve to
conform to the natural curve of the bony anatomy and to
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withstand the operating pressure. All the components of the
growing rod system of the present disclosure may be fab-
ricated separately and attached together using conventional
manufacturing techniques. The dimensions of the growing
rod system may vary depending on factors such as age,
weight, height, sex and the extent of deformuty.

The system of the present disclosure (100) 1s adapted to
be implanted sub-muscularly. In one embodiment, the sys-
tem of the present disclosure 1s adapted to be implanted
sub-cutaneously as desired by the surgeon. Further, the
system of the present disclosure may be adapted to attached
to another instrument before being atlixed to the bony
anatomy.

There are numerous advantages of the system of the
present disclosure. As the movement of the growth rod (6)
1s operated by a hydraulic mechanism there 1s no need of
repetitive surgical treatment for adjustment of the rod with
the growing bony anatomy. As the distractions happen only
on the basis of the growth of the patient, the distractions are
auto-regulated. As the present system has a piston-cylinder
arrangement, the fluid inside the cylinder forms a thin layer
in the gap between the static rod (2) and the growth rod (6)
which reduces the friction and consequently the wear debris.
Further, growth-guided and individual-dependent distraction
of the present system makes the mvasive manual distraction
unnecessary which reduces the overall costs associated with
repeat surgical procedures. Still further, as the present
mechanism mvolves multiple chambers that allow transmis-
sion of fluid therethrough; spinal growth induced actuation
of the rod 1s enabled without the need of any external driving
force.

The embodiments described herein above are non-limit-
ing. The foregoing descriptive matter 1s to be interpreted
merely as an 1illustration of the concept of the present
disclosure and 1t 1s 1n no way to be construed as a limitation.
Description of terminologies, concepts and processes known
to persons acquainted with technology has been avoided for
the sake of brevity.

Technical Advantages and Economic Significance

The technical advantages and economic significance of
the growing rod system of the present disclosure (100) are
presented herein after:

the present system facilitates self-actuation;

growth guided and individual dependent distraction

makes the requirement of manual distraction unneces-
sdry,

reduced incidences of skin infections and wound compli-

cations;

reduced incidences of the system collapse due to growth

of the patient;

reduced creation of metal wear debris;

being adapted for sub-muscular implantation, the system

does not protrude out of the back; hence the system
does not cause discomiort to the patient and may have
improved aesthetics;
the system 1s more economical as no follow up visits for
distraction of the rod are essential;
the system does not hamper growth of the patient;
the present system provides multiple point anchoring to
the bony anatomy;

improvement i quality of life of the patient due to
non-repetitive surgical distraction;

reduced 1ncidences of tissue necrosis due to reduced wear
debris; and

reduces chances of rod breakage as the present system 1s
capable of being anchored at multiple points to the
bony anatomy.
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What 1s claimed 1s:

1. A self-actuating growing rod system comprising:

a. at least one static rod being 1n the form of a cylinder
with an internal bore and comprising a first static end
and a second static end, wherein said first static end 1s
tapering and 1s adapted to be aflixed to a bony anatomy;

b. at least one growth rod, coaxially coupled with said at
least one static rod and comprising a first growth end
and a second growth end; wherein said first growth end
1s tapering and protrudes out of said at least one static
rod and 1s adapted to be aflixed to the bony anatomy
and said second growth end 1s disposed within the
cylinder bore of said at least one static rod and 1is
adapted to function as a piston with respect to said
cylinder bore and said at least one growth rod 1s
adapted to distract longitudinally out of the cylinder
bore of said at least one static rod, said distraction being
self-actuating, growth driven and individual dependent;

c. at least one locking cap adapted to prevent leakage of
at least one sterile biocompatible fluid from the seli-
actuating growing rod system; said at least one locking
cap being engageable with the second static end of said
at least one static rod whilst allowing said at least one
growth rod to pass there-through, thereby maintaining
the position of said at least one growth rod with respect
to said at least one static rod and defining an area
enclosed within an inner bore of said at least one static
rod as a fluid reservoir and said at least one sterile
biocompatible tluid being at least one selected from the
group consisting ol water, deionized water and saline
solution;

d. at least one fluid reservoir 1n the mner bore of said at
least one static rod, comprising said at least one sterile
biocompatible fluid; said reservoir further comprising
at least one trailing chamber;

¢. at least one pressure compensating mechanism com-
prising at least one hydraulic accumulator, the at least
one pressure compensating mechanism being adapted
to cause net elongation of said at least one growth rod;
and

f. at least one 1njection port adapted to facilitate injection
of said at least one sterile biocompatible fluid into said
fluad reservoir at a pre-determined pressure.

2. The system as claimed in claim 1, wherein said at least
one static rod 1s athxed to at least one rod fixated to the bony
anatomy, inferior to said growing rod system and 1s not
directly aflixed to an anatomical structure.

3. The system as claimed 1n claim 1, further comprises a
wiper to scrape away fluid on the first growth end of the at
least one growth rod near the second static end of the at least
one static rod.

4. The system as claimed in claim 1, wherein

said first static end and said first growth end are adapted
to be athxed to the bony anatomy using at least one
fixation element; said at least one fixation element
being at least one selected from the group consisting of
screws, hooks, bands, wires, connectors, plates, and
staples.

5. The system as claimed in claim 1, wherein components

‘a’ to ‘I” are manufactured from biocompatible materials.

6. The system as claimed 1n claim 1, wherein said at least
one static rod and said at least one growth rod have a cross
section of a shape selected from the group consisting of
circular, elliptical, rectangular, toroidal, rhomboidal, 1rregu-
lar, cross-sectional shapes such as two interlocking circles
connected by flats or any other suitable cross section.




US 10,595,902 B2

13

7. The system as claimed 1n claim 1, being adapted to be
implanted by at least one route of implantation selected from
the group consisting of sub-muscularly and subcutaneously.
8. The system as claimed in claim 1, wherein said
injection port 1s adapted to receive said at least one sterile
biocompatible fluid ex vivo, before the implantation of said
growing rod system on to the bony anatomy.
9. The system as claimed 1n claim 1, being adapted for the
correction of orthopedic deformity.
10. The system as claimed 1n claim 1, being adapted for
the correction of spinal deformity.
11. The system as claimed 1n claim 1, wherein said at least
one pressure compensating mechanism comprises:
a plurality of hydraulic accumulators in fluid communi-
cation with said at least one injection port indepen-
dently through at least one connecting element, accom-
panied by at least one hydraulic seal,
wherein said at least one pressure compensating mecha-
nism 1s adapted to facilitate net elongation of said at
least one growth rod to occur in a plurality of phases
wherein, 1 a first phase, a gradual, yet stepped dis-
traction force 1s applied by opening of a high pressure
accumulator injection port, the distraction force in turn
being balanced by correction resistive forces and
patients’ weight, and 1n a subsequent phase, said net
clongation 1s driven by the net cumulative effect of
accumulator pressure distraction force and natural
growth of the bony anatomy opposed by the correction
resistive forces and patients” weight, thereby resulting
in a quasistatic distraction process,
wherein said at least one connecting element 1s a flexible
tubing and 1s adapted to be bent to fit a human anatomy,
wherein said at least one injection port having a cross
section of a shape selected from the group consisting of
circular, elliptical, triangular and trapezoidal 1s adapted
to
release said at least one sterile biocompatible fluid
contained 1n the hydraulic accumulators at a pre-
determined pressure, into the trailing chamber due to
said net elongation and

maintain the bony anatomy 1in the corrected position
and preventing collapse.

12. The system as claimed in claim 11, wherein the
number of the hydraulic accumulators, the size of the
hydraulic accumulators, the sequence of attachment of the
hydraulic accumulators along the length of said at least one
static rod and the pressure differential to be maintained
therein 1s determined on the basis of the distraction force
required to hold the corrective forces on the bony anatomy
and support the weight of the patient through the patient’s
individual growth progression and cause net elongation.

13. The system as claimed in claam 11, wherein said
hydraulic accumulator 1s of at least one type selected from
the group consisting of bladder based accumulator and
spring based accumulator.

14. The system as claimed 1n claim 11, wherein said at
least one pressure compensating mechanism comprises three
accumulators arranged in ascending order of pressure rat-
ings, starting from the first static end of said at least one
static rod to the second static end of said at least one static
rod.

15. A self-actuating growing rod system comprising:

at least one static rod being 1n the form of a cylinder with
an mternal bore and comprising a first static end and a
second static end, wherein said first static end 1s taper-
ing and 1s adapted to be athixed to a bony anatomy;
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at least one growth rod, coaxially coupled with said at
least one static rod and comprising a first growth end
and a second growth end; wherein said first growth end
1s tapering and protrudes out of said at least one static
rod and 1s adapted to be aflixed to the bony anatomy
and said second growth end 1s disposed within the
cylinder bore of said at least one static rod and 1is
adapted to function as a piston with respect to said
cylinder bore and said at least one growth rod 1is
adapted to distract longitudinally out of the cylinder
bore of said at least one static rod, said distraction being
self-actuating, growth driven and individual dependent;
at least one locking cap adapted to prevent leakage of at
least one sterile biocompatible fluid from the seli-
actuating growing rod system; said at least one locking
cap being engageable with the second static end of said
at least one static rod whilst allowing said at least one
growth rod to pass there-through; thereby maintaining
the position of said at least one growth rod with respect
to said at least one static rod and defining an area
enclosed within an inner bore of said at least one static
rod as a fluid reservoir and said at least one sterile
biocompatible tluid being at least one selected from the
group consisting of water, deionized water and saline
solution;
at least one fluid reservoir 1n the 1nner bore of said at least
one static rod, comprising said at least one sterile
biocompatible fluid; said reservoir further comprising
at least one trailing chamber;
at least one pressure compensating mechanism adapted to
cause net elongation of said at least one growth rod; and
at least one 1njection port adapted to facilitate injection of
said at least one sterile biocompatible flud nto said
fluid reservoir at a pre-determined pressure,
wherein said at least one pressure compensating mecha-
nism comprises a plurality of hydraulic accumulators in
fluid communication with said at least one 1njection
port independently through at least one connecting
clement, accompanied by at least one hydraulic seal,
wherein said at least one pressure compensating mecha-
nism 1s adapted to facilitate net elongation of said at
least one growth rod to occur in a plurality of phases
wherein, 1n a first phase, a gradual, yet stepped dis-
traction force 1s applied by opening of a high pressure
accumulator 1injection port, the distraction force 1n turn
being balanced by correction resistive forces and
patients’ weight, and in a subsequent phase, said net
clongation 1s driven by the net cumulative eflect of
accumulator pressure distraction force and natural
growth of the bony anatomy opposed by the correction
resistive forces and patients’ weight, thereby resulting
in a quasistatic distraction process,
wherein said at least one connecting element 1s a flexible
tubing and 1s adapted to be bent to fit a human anatomy,
wherein said at least one injection port having a cross
section of a shape selected from the group consisting of
circular, elliptical, triangular and trapezoidal 1s adapted
to
release said at least one sterile biocompatible fluid
contained in the hydraulic accumulators at a pre-
determined pressure, into the trailing chamber due to
said net elongation and
maintain the bony anatomy in the corrected position
and preventing collapse,
wherein the number of the hydraulic accumulators, the
size of the hydraulic accumulators, the sequence of
attachment of the hydraulic accumulators along the
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length of said at least one static rod and the pressure
differential to be maintained therein 1s determined on
the basis of the distraction force required to hold the
corrective forces on the bony anatomy and support the
weight of the patient through the patient’s individual
growth progression and cause net elongation, and
wherein said hydraulic seal being selected from the group
consisting of O-rings, lip seals, and quad seals, located
at the point of contact of the second growth end of said
at least one growth rod and the iner bore of said at
least one static rod and adapted to prevent leakage of
said fluid and maintain pressure balance in said fluid
reservolr and said hydraulic accumulator 1s of at least
one type selected from the group consisting of bladder
based accumulator and spring based accumulator.

16. The system as claimed 1n claim 15, wherein said at
least one pressure compensating mechanism comprises three
accumulators arranged in ascending order of pressure rat-
ings, starting from the first static end of the at least one static
rod to the second static end of the at least one static rod; said
pressure ratings being determined on the basis of the dis-
traction force required to hold the corrective forces on the
bony anatomy and support the weight of the patient through
the patient’s individual growth progression and cause net
clongation of the at least one growth rod.

17. A self-actuating growing rod system comprising;

at least one static rod being 1n the form of a cylinder with

an internal bore and comprising a first static end and a
second static end, wherein said first static end 1s taper-
ing and 1s adapted to be aflixed to a bony anatomy by
means of at least one fixation element;

at least one growth rod, coaxially coupled with said at

least one static rod and comprising a first growth end
and a second growth end; wherein said first growth end
1s tapering and protrudes out of said at least one static
rod and 1s adapted to be atlixed to the bony anatomy by
means ol said at least one fixation element and said
second growth end 1s disposed within the cylinder bore
of said at least one static rod and 1s adapted to function
as a piston with respect to said cylinder bore and said
at least one growth rod 1s adapted to distract longitu-
dinally out of the cylinder bore of said at least one static
rod, said distraction being seltf-actuating, growth driven
and individual dependent;

at least one locking cap adapted to prevent leakage of at

least one sterile biocompatible fluid from the seli-
actuating growing rod system; said at least one locking
cap being engageable with the second static end of said
at least one static rod whilst allowing said at least one
growth rod to pass there-through, thereby maintaining
the position of said at least one growth rod with respect
to said at least one static rod and defining the area
enclosed within an inner bore of said at least one static
rod as a fluid reservoir and said at least one sterile
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biocompatible fluid being at least one selected from the
group consisting of water, deionized water and saline
solution;

at least one fluid reservoir 1n the 1nner bore of said at least

one static rod, comprising said at least one sterile
biocompatible fluid;
at least one pressure compensating mechanism compris-
ing at least one of a hydraulic accumulator, a hydraulic
spring, or a fluid transfer channel, the at least one
pressure compensating mechanism being adapted to
cause net elongation of said at least one growth rod; and

at least one 1njection port adapted to facilitate injection of
said at least one sterile biocompatible flud nto said
fluid reservoir at a pre-determined pressure.

18. The system as claimed 1n claim 17, wherein said at
least one pressure compensating mechanism comprises at
least one hydraulic spring at the second growth end of said
at least one growth rod and at least one hydraulic seal
located at the point of contact of said hydraulic spring and
the 1nner bore of said at least one static rod; said hydraulic
spring being formed from the second growth end of said at
least one growth rod being adapted to compensate the
pressure differential generated between the fluid present 1n at
least one leading chamber and the fluid present 1n at least
one trailing chamber both created within the fluid reservoir;
thereby facilitating a quasistatic distraction process leading,
to net elongation of said at least one growth rod and said
hydraulic seal being selected from the group consisting of
O-rings, lip seals, and quad seals and being adapted to
prevent leakage of said fluid and maintain pressure balance
in said fluid reservorr.

19. The system as claimed 1n claim 17, wherein said at
least one pressure compensating mechanism comprises at
least one fluid transfer channel, at least one pressure bal-
ancing chamber and at least one hydraulic seal; wherein said
fluid transfer channel 1s at least one selected from the group
consisting of porous membranes, valves and orifices and 1s
adapted to convey said at least one sterile biocompatible
fluid within said fluid reservoir and compensate the pressure
differential generated 1n at least one leading chamber and at
least one trailing chamber created 1n said fluid reservoir;
thereby facilitating a quasistatic distraction process leading
to net elongation of said at least one growth rod; and said
pressure balancing chamber 1s adapted to hold and convey
said at least one sterile biocompatible fluid rendered through
said fluid transter channel to said leading chamber and/or to
said trailing chamber; said hydraulic seal being selected
from the group consisting of O-rings, lip seals, and quad
seals and located at the point of contact of the second growth
end of said at least one growth rod and the 1nner bore of said
at least one static rod and adapted to prevent leakage of said
fluid and maintain pressure balance in said fluid reservorr.
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